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Abstract

Objective: Although smart senior care services offer numerous benefits, they have not yet gained widespread acceptance
among the general populace, particularly seniors. Numerous related issues have surfaced, with the structural imbalance
between supply and demand being most prominent. Currently, there is a lack of research distinguishing between the various
categories of demand for smart ageing services and the associated behaviors of older individuals. In this study, we aimed to
identify the types of demand and utilization of smart senior care services among Chinese older adults to understand their
diverse characteristics and the factors that facilitate certain behaviors. We also analyzed the imbalance between supply and
demand for smart senior care services and explored the factors influencing it, thereby providing a reference for optimizing
smart senior services.

Methods: We conducted a cross-sectional study from January to March 2023 and analyzed 1037 valid questionnaires. Three
types of smart senior care services were investigated: intelligent information, intelligent consultation, and intelligent mon-
itoring. We identified the demand, utilization, and supply of these services among older individuals. Latent class analysis
(LCA) was used to differentiate the heterogeneity of older adults in terms of service demand and utilization. Factors influ-
encing service preferences were analyzed using binary logistic regression based on Andersen’s behavioral model.

Results: Based on the LCA findings, service demand, and utilization were divided into two categories: positive demand
(desire to use the services) or negative demand, and taking action or negative action to use the services. The persons
with high demand but low utilization comprised the largest number of older people in this study (69.35%). The results indi-
cated that the number of children (odds ratio (OR)=1.491), community-provided smart devices (OR=1.700), number of
chronic diseases (OR=1.218), and self-care capacity (OR=0.214) are associated with positive demand. Meanwhile, pre-
retirement employment, income sources, community device provided, community promotion, region, and self-care ability
were significant predictors (p <0.05) of taking action to use the services. In terms of community supply outcome, income
situation had a significant effect on intelligent information services. Income sources were associated with intelligent infor-
mation and intelligent monitoring services. Pre-retirement employment and housing type variables showed effect on IC ser-
vices. Community promotion and self-care ability were associated with all three types of service supply (p <0.05).

Conclusion: Older adults expressed a strong demand for smart ageing services; however, difficulties using smart technology
remain a serious problem. Further investigation of how family support contributes to the perception and use of care services
for older people is needed. Specific policies, such as financial assistance, should be established to support service use.
Communities should expand their support and promotion of smart ageing services, focusing on enhancing digital health
literacy among seniors to facilitate product utilization. Furthermore, personalized recommendations and applications tai-
lored to the physical conditions of older adults are essential.
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Introduction

According to the National Bureau of Statistics of China’s
2023 report, the population aged 65 years and above com-
prised 14.9% of the total population, with an old-age
dependency ratio of 21.8%." By 2035, the population
aged 60 years and above in China is expected to exceed
400 million, accounting for over 30% of the total popula-
tion, indicating a profound ageing phase.” The rising pro-
portion of older adults, coupled with diminishing family
sizes and the proliferation of empty-nest families, poses
serious challenges in meeting the demand for aged-care ser-
vices and alleviating the societal burden of senior care.>*
However, the burgeoning growth of the Internet has pro-
vided a robust technological foundation for senior care,
allowing for innovative approaches to supplying smart
senior care services.

Smart senior care services represent the integration of
cutting-edge technologies such as the Internet of Things,
information technology, big data, and cloud computing in
the domain of geriatric care. These services aim to deliver
advanced care solutions® and encompass three main cat-
egories: (1) intelligent information (II), including access
to medical information, knowledge and education, and
online communication; (2) intelligent consultation (IC),
such as telemedicine and consultation services; and (3)
intelligent monitoring (IM), which involves the recognition
of real-time activity, localization, and remote monitoring.7’8
The objective of these services is to provide detection, mon-
itoring, socialization, and other functions through smart
devices by accessing medical information and medical
data.® For example, telemedicine, online health counseling,
and smart living aids can improve the quality of life of older
people and offer novel approaches to disease prevention,
health management, and senior care services.'®!! At the
individual level, these models prioritize personalized
senior care demands, thereby improving service quality
and satisfaction.'? At the societal level, smart senior care
services promote innovation in senior care models and
enhance the overall efficiency of senior care services by
integrating resources and optimizing management. '

The practical implementation of intelligent senior care
has commenced in many countries. Research indicates that
China’s smart ageing services have progressed through
four stages of development: the seed stage, startup stage,
development stage, and popularization stage.® Despite the

numerous benefits of smart ageing services, they have yet
to gain widespread adoption among the general public or
seniors.'* Numerous issues have surfaced, with the gap
between supply and demand being most prominent.*'’
On the one hand, there is a shortage of smart senior care pro-
ducts and an insufficient supply of community-based smart
senior care services. For example, studies have pointed out
the high demand for medical and emergency services
among older persons, but the availability of services is
inadequate16 On the other hand, older adults have limited
knowledge about smart senior care, leading to low
demand for these services.* This gap between these two
aspects has led to practical difficulties, such as the inability
of smart senior care service products to meet the actual
needs of older people and a low degree of market adop-
tion.>'3 Therefore, it is crucial to consider the development
of smart senior care services from the perspectives of both
supply and demand.

From the perspective of older adults, existing research
has conducted more studies on older people’s awareness,
willingness, and adoption of smart senior care. Adoption
behavior has been studied using the UTAUT and TAM
models, highlighting the two key variables of perceived
usefulness and trust."*'7~'? It has also been identified that
the experiences of older people are key to influencing long-
term adoption behavior.”® Based on the acceptance and
adoption of the services, researchers continue to measure
actual demand and utilization. A study in Macao found
that older adults’ use and need for smart senior care were
generally low, and that they were more concerned about
spiritual needs, while the caregivers were more concerned
about the health and safety of older adults.” The survey in
the Lanzhou region of China found that 33.75% of partici-
pants expressed the need for intelligent services.”' It has
also been suggested that emotional attachment, need com-
patibility, cues to use, proficiency to use, input of resources,
and support are factors that influence the long-term use of
technology by older people.*? In terms of research on facil-
itators, existing studies generally recognize that factors such
as gender, age, number of children, living arrangements,
affordability, healthcare security, health status, chronic con-
ditions all influence older people’s behavior toward smart
senior services.'®?""*2° In terms of service supply,
Zhang et al.® presented an overview of the current situation
and development of smart homes for Chinese older adults,
identifying four stages of development: seed, startup,
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development, and popularization. Some scholars have also
used quantitative methods to measure the quality of smart
senior care service platforms and the coupling coordination
development indicators.'>"? Overall, it is evident that
the research on older people’s demand for and use of
smart ageing services is diverse and fragmented. Current
research has several limitations. Specifically, most studies
have examined only one aspect of the elderly’s demand,
utilization, and community supply. Combined studies
that comprehensively analyze the supply—demand and
demand-utilization gaps are lacking. Second, few previous
studies have examined whether there are different demand
or utilization subgroups in smart senior care services for
the elderly. Finally, the lack of an integrated framework
for analyzing influencing factors results in fragmented
policy relevance.

For the above reasons, a comprehensive and in-depth
analysis of both service supply, demand and utilization is
essential to ensure the better supply of community-based
smart senior services. Previous studies have identified a
range of sociodemographic factors that affect older
people’s behavior, suggesting the possible existence of sub-
groups among elderly population. The characterization of
the latent heterogeneity of older people will help to
inform the development and customization of more targeted
implrovements.27 Latent class analysis (LCA) is a form of
person-centered mixture modeling that identifies latent sub-
populations (classes) based on the pattern of their responses
to observed categorical variables.”® The aim of this study
was to identify the types of demand and utilization of
smart senior care services among Chinese older adults
using LCA. These findings helped us understand the hetero-
geneous characteristics of different types of older people
and explore the factors that influence it. At the same time,
the Andersen’s behavioral model, an internationally recog-
nized framework for health service research, posits that the
utilization of health services is influenced by predisposing,
enabling, and need factors.”” This model has garnered
widespread application in community-based service deliv-
ery and care services utilizaxtion,m*32 and also in studies for
mobile phone applications.*® Effective recommendations
were provided to inform policy makers on how to optimize
services and reform the health system. Therefore, this
study adopted the Andersen’s behavioral model as the ana-
lysis framework to explore the facilitators of behavior in
older adults. Overall, in this study we seek to answer the fol-
lowing questions: (1) What is the proportion of the elderly
population who demand, have used and provided smart
senior care services in China? (2) What is the pattern of
demand and utilization of elderly population responses to
smart senior care services using latent class analysis? (3)
What are the factors that contribute to the demand, utiliza-
tion, and supply of community-based smart senior care ser-
vices? The findings offer theoretical and practical insights
for advancing the smart senior care model in China.

Methods

Data sources and study design

We conducted a cross-sectional questionnaire survey
between January and March 2023. Due to the difficulties
of sampling during the period of the epidemic, the purpos-
ive and convenience sampling method was adopted. Given
the close association between the development of smart
senior care services and local economic levels, this study
preferred to investigate first- and second-tier cities, as
well as developed third-tier cities in China. Firstly, a pilot
presurvey was implemented prior to the formal study,
whereby 80 older adults from the community who met
the study criteria were screened for face-to-face question-
naires, and questionnaires were checked for completion
and collected on-site. Eighty questionnaires were success-
fully distributed and 49 were validly collected. The content
and language presentation of the questionnaire was slightly
adjusted to take into account the problems that existed
during the pilot test. Secondly, we distributed the question-
naire nationwide through wenjuan.com. Population that
met the study criteria were included to complete the question-
naire. At the onset of the online questionnaire, participants
were informed of the study objectives and were assured
that they could withdraw from the study at any time for
any reason. All participants confirmed their informed
consent prior to completing the questionnaire.

The eligibility criteria for participation were as follows: (1)
age 60 years or older, (2) residency in the district for at least
6 months, (3) ability to understand the questions and answer
truthfully, and (4) capacity to provide informed consent and
participate voluntarily. The exclusion criteria comprised the
following: (1) questionnaires completed in less than 60
seconds, (2) participants aged less than 60 years, and (3) indi-
viduals who failed to meet the aforementioned participation
conditions. A total of 1100 questionnaires were distributed,
and following the exclusion of unqualified and invalid
responses, 1037 valid questionnaires were included in the ana-
lysis, representing a valid response rate of 94.27%.

Measurements

Based on the existing literature, a questionnaire on community-
based smart senior care services was developed through
group discussions. The questionnaire contains two main sec-
tions. The first section focused on the demographic character-
istics of the respondents based on the Andersen’s behavioral
model,'#2!23726323% The gecond section assessed the
demand, utilization, and community supply of community-
based smart senior care among older adults.”**

Outcome variables

This study examines three types of community-based smart
senior care services: II, IC, and IM. The questionnaire
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assessed service demand, community supply, and utiliza-
tion among older adults. Participants were asked three ques-
tions: (1) Do you need this type of service? (2) Does the
community provide this type of service? (3) Have you
used this type of service?

For the first question regarding needs, the option “I don’t
need this type of service” was classified as “no potential
need” (assigned a value of 0). The options “may need,” “I
need this type of service,” and “It fits my actual needs
very well” were grouped under “has a potential need”
(assigned a value of 1). For the service supply question,
the option “Community does not provide” was defined as
“no supply” (assigned a value of 0) while “Community pro-
vides” was categorized as “supplied” (assigned a value of
1). Regarding service utilization, the options ‘“Not available
in the community and cannot be used,” “I have not used it,”
and “I want to use it and am ready to do so” were classified
as “no action” (assigned a value of 0). The options “Already
use it but with some difficulty” and “It is very convenient
and I will use it often” were grouped under “Actual use”
(assigned a value of 1). This supply—demand imbalance
can manifest in two ways: unmet demand (existing need
with no available service) and unutilized supply (available
service with no corresponding need). The Cronbach’s
alpha and Kaiser—Meyer—Olkin values were used to deter-
mine the reliability and validity of the questionnaire. The
results showed that the Cronbach’s alpha was 0.782, while
the Kaiser—-Meyer—Olkin value was 0.761 (y>=1751.809,
p<0.001), which may indicate that the questionnaire has
an acceptable structural validity (Table 1 for detail).

Independent variables

An analytical framework was constructed based on the
Andersen behavioral model to explore the demand,

Table 1. Variable assignment of smart senior care services, n (%).

utilization, and supply of community-based smart ageing
services among older adults. The predisposing factors
encompass demographic characteristics such as sex, age,
marital status, and number of children, reflecting the indi-
vidual attributes of older persons. The enabling factors
include the appropriate community, individual, and famil-
ial resources available for accessing smart senior services.
Given the characteristics of the senior care model in
China, where the family plays a pivotal role, the enabling
resources in this study were expanded to include not only
individual and familial resources but also societal
resources. Need factors relate to the individual’s per-
ceived health and functional status or how others describe
their health,* including self-assessed ability and the pres-
ence of chronic diseases. The variable assignments are
detailed in Table 2.

Data analysis

The data were collated in an Excel sheet, and descriptive sta-
tistics were performed using IBM SPSS 22.0. Categorical
variables are presented as n (%) and continuous variables
as mean =+ standard deviation (SD).

To discern the heterogeneity among older individuals in
terms of their potential demand and actual use, the LCA
was employed. The key indicators for evaluating model
fit included log likelihood, Akaike’s information criterion
(AIC), the Bayesian information criterion (BIC), the
adjusted BIC (aBIC), the Lo—Mendell-Rubin likelihood
ratio test, and the bootstrap likelihood ratio test (BLRT).
Generally, lower values of AIC, BIC, and aBIC suggest a
better model fit. Entropy served as a measure of classifica-
tion accuracy, with higher values indicating superior classi-
fication quality. The single-category model served as the
baseline, and the number of categories was increased

Services demand No potential demand 176 (19.1) 170 (19.2) 156 (17.8)
Have a potential demand 745 (80.9) 714 (80.8) 721 (82.2)
Services utilization No action 838 (91.0) 757 (85.6) 775 (88.4)
Actual used 83 (9.0) 127 (14.4) 102 (11.6)
Services supply No supply 488 (53.0) 509 (57.6) 521 (59.4)
Supplied 433 (47.0) 375 (42.4) 356 (40.6)
Supply-demand imbalance  Unmet demand 391 (42.5%) 388 (43.9%) 418 (47.7%)
Unutilized supply 79 (8.6%) 49 (5.5%) 53 (6%)
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Table 2. Definition and assignment of independent variables.

Woman=0, man=1
80 and above =0, 70-79=1, 60-69 =2

Other =0, married=1

Predisposing Sex
factors
Age
Marriage
Child number Number

Enabling factors  Education

Primary school and below =0, junior high school =1, high school/

vocational secondary school =2, college/junior college and above =3

Pre-retirement employment

No job =0, agriculture related =1, individually owned business =2,

private enterprise =3, public institutions =4

Income situation

3000 and below =0, 3001-5000 =1, 5001-8000 = 2, 8001-12,000 = 3,

over 12,000 =4

Income sources

Retirement pension =0, child support=1, savings, financial investments,

etc =2, government grants and subsidies =3, labor work=4

Household registration

Housing type

Rural=0, urban=1

Self-purchased commercial housing =0, child purchased commercial

Medical insurance

house =1, self-built house/rural owned house =2, demolition and
resettlement house/unit welfare house = 3, rental housing/senior
apartment/other =4

Self-funded =0, New Agricultural Cooperative Medical Insurance

(NACMI) =1, Urban and Rural Residents Basic Medical
Insurance(URRBMI) =2, Urban Employees Basic Medical
Insurance(UEBMI) =3, free medical care=14

Community smart device provided No=0, yes=1
(community device)
Community promotional activities No=0,yes=1

conducted (community promotion)
Region

Need factor Chronic number

Self-care ability

gradually. The fitting indices of each model were compared,
and the optimal model was determined based on the actual
clinical context.>***” The LCA analysis was conducted
using Mplus 8.

Additionally, binary logistic regression analysis was
conducted to examine the influencing factors, incorporating
Andersen’s behavioral model, across four domains: the dis-
tribution of latent categories in potential demand, the distri-
bution of latent categories in actual use, older people’s
needs, and service supply. Categorical variables were

Western region =0, central region =1, eastern region =2
Number

Completely unable =0, partially self-care = 1, basically =2, completely =3

analyzed using the chi-square test, and continuous variables
underwent one-way analysis of variance. The statistical sig-
nificance threshold was set at p <0.05.

Ethical statement

This study was approved by the Ethics Commit of Nanjing
Medical University (Number (2022)960) accordance with
the Declaration of Helsinki. All participants have signed
informed consent forms prior to the study.




DIGITAL HEALTH

Results

Participant characteristics

Table 3 presents the detailed sociodemographic character-
istics of the 1037 survey respondents, including predispos-
ing factors such as sex (60%, male), age (68.6% aged 60-70
years), marital status (90.7% married), and average number
of children (1.67). With regard to enabling factors, 37.4%
had a high school education level, 83.1% had urban
household registration, 80.9% derived their income from
a retirement pension, and 57.0% owned self-purchased
commercial housing. Meanwhile the survey respondents
were predominantly from the eastern China, with 824
people (79.5%). In terms of community action, 77.2% of
communities provided smart devices, and 82.9% conducted
promotional activities. Regarding needs, the mean number
of chronic diseases was 1.396, and 73.3% of participants
had complete self-care ability.

Latent categories of smart senior care services

As presented in Table 4, the results for both potential
demand and actual utilization of services indicated that a
two-class model was optimal. This decrease in AIC, BIC,
and aBIC values, along with the increase in entropy and
statistically significant LMRT and BLRT values, indicated
a better two-class model. However, when the number of
categories was further increased to three, the AIC, BIC,
and aBIC values increased, and the entropy value decreased.
Notably, the LMRT and BLRT values were not statistically
significant in this case. Based on a comprehensive analysis
of these statistical indicators, both the demand for and utiliza-
tion of smart senior care services were ultimately categorized
into two distinct groups.

Regarding service demand, the first latent class, termed
“positive demand” type, comprised 774 participants
(79.88%), exhibiting a probability of demand for all three
services exceeding 0.9. Conversely, the second latent
class, the “negative demand” type, encompassed 195 parti-
cipants (20.12%), with probabilities for the three services
ranging from 0.10 to 0.26. In terms of service utilization,
the first latent class, defined as “taking action” type, con-
sisted of 102 individuals (10.53%), demonstrating the
highest probability for all three intelligent care services,
ranging between 0.64 and 0.95. The remaining class, com-
prising 867 individuals (89.47%), was labeled “negative
action” type, exhibiting the lowest probability for all three
services, falling below 0.1. Detailed information on the
model is presented in Table 5 and Figure 1. The intersection
of the categories of potential need and actual utilization
reveals four distinct types. Firstly, the “positive demand—
taking action” type (102 persons, 10.53%), which refers to
persons with high demand and high utilization. Secondly,
the “positive demand—negative action” type (672 persons,

69.35%), which refers to persons with high demand but
low utilization. Then, the “negative demand-negative
action” type (195 persons, 20.12%), representing those
with low demand and low utilization. Finally, the type of
“negative demand-taking action” (0 persons), meaning
those who have low demand but high utilization.

Analysis of factors influencing latent category

Using LCA, the factors that facilitate both the “positive
demand” type and “taking action” type were investigated
(Table 6). Binary logistic regression analyses were con-
ducted, using the Andersen’s behavioral model as the ana-
Iytical framework. When considering positive demand type
as the dependent variable, the number of children emerged
as a significant influencing factor (odds ratio (OR) =1.491,
p <0.05). Older individuals who were previously employed
in private enterprise (OR=2.086, p<0.05) were more
likely to exhibit a positive demand compared to those
without job. Furthermore, older people residing in self-built
or rural-owned houses were less likely compared to those
with self-purchased commercial housing (OR =0.431).
Additionally, having smart services provided in the com-
munity increased the likelihood of belonging to the positive
demand type (OR =1.700). In terms of needs factors, a
higher number of chronic diseases and lower self-care cap-
acity were associated with a greater likelihood of belonging
to the positive demand category.

In the logistic analysis of the “taking action” type model,
pre-retirement employment, income sources, community
device provided, community promotion, region and self-
care ability emerged as significant predictors. Specifically,
employment in agriculture-related fields (OR =4.469),
income from child support (OR =4.159), savings (OR =
4.354), and labor work (OR=3.932) were predictive
factors of taking action. Furthermore, residing in a commu-
nity that provides smart devices (OR =3.307) and conducts
promotional activities (OR =3.108) was associated with
increased action. Higher self-care ability (OR =0.438)
was inversely related to taking action, indicating that
those with lower self-care ability were more likely to dem-
onstrate active utilization of smart senior care services.

Analysis of factors influencing the supply and
demand for services

The results of logistic analysis presented in Table 7 revealed
several significant predictors of demand for senior care ser-
vices. Specifically, the number of children, pre-retirement
employment status were influential factors for IC and IM
services. The income situation and income sources were
factors for II services. The housing type, medical insurance,
and region as significant predictors for IC services. The
community device provided was for IM services and self-




Fa et al.

Table 3. Characteristics of the sample (n=1037).

Table 3. Continued.

Sex

Age

Marriage

Child number

Education

Pre-retirement
employment

Income situation

Income sources

80 and above
70-79
60-69
Other

Married

Primary school and below
Junior high school

High school/vocational
secondary school

College/junior college
and above

No job
Agriculture related

Individually owned
business

Private enterprise
Public institutions
3000 and below
3001-5000
5001-8000
8001-12,000

Over 12,000
Retirement pension
Child support

Savings, financial
investments, etc

Government grants and
subsidies

415 40.0
622 60.0

62 6.0
264 25.5
711 68.6

96 9.3
941 90.7

1.677 0.946

156 15.0
241 23.2
388 37.4
252 243
137 13.2
122 11.8
192 18.5
332 32.0
254 24.5
185 17.8
238 23.0
274 26.4
229 22.1
111 10.7
839 80.9

61 5.9

63 6.1

17 1.6

(continued)

Household
registration

Housing type

Medical insurance

Community smart
device provided

Community
promotional
activities
conducted

Region

Chronic diseases
number

Self-care ability

Labor work
Rural
Urban

Self-purchased
commercial housing

Child purchased
commercial house

Self-built house/rural
owned house

Demolition and
resettlement house/unit

welfare house

Rental housing/senior
apartment/other

Self-funded
NACMI

URRBMI

UEBMI

Free medical care
No

Yes

No

Yes

Western region
Central region

Eastern region

Completely unable
Partially able
Basically able

Completely able

57

175

862

591

109

141

164

158

343

426

105

236

801

177

860

106

107

824

1.396

39

232

760

3.1

79.5

1.221

0.6

3.8

73.3
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Table &. Fitting information for potential categories.

Services demand

1 2591.229
2 2045.560
3 2053.560

Services utilization

1 1921.985
2 1417.721
3 1425.721

aBIC: the adjusted the Bayesian information criterion; AIC: Akaike’s information criterion; BLRT: bootstrap likelihood ratio test.

2605.858

2079.694

2107.199

1936.614

1451.855

1479.360

2596.330

2057.462

2072.263

1927.086

1429.623

1444.424

0.868

0.660

0.930

0.844

Table 5. Latent class probabilities and conditional probabilities.

p<0.001 p<0.001
0.500 1.000
p<0.001 p<0.001
0.488 1.000

0.789/0.211

0.144/0.677/0.178

0.883/0.117

0.081/0.844/0.074

Intelligent information
Intelligence consultation

Intelligent monitoring

0.952

0.977

0.955

0.242

0.109

0.257

0.641

0.948

0.764

0.015

0.028

0.022

N (%) 774 (79.88%) 195 (20.12%) 102 (10.53%) 867 (89.47%)
Latent class probabilities 78.93% 21.07% 11.70% 88.30%
1 0.952 0.977 0.955 0.948
0.8 0.764
2 06
E
@
o
E 0.4
0.242 0.257
02 0.109
- 0.015 0.028 0.022
0 — N —
Positive demand type Negative demand Type Take action type Negative action type
M Intelligent Information M Intelligence consultation M Intelligent monitoring

Figure 1. Bar graph of conditional probabilities comparing latent class.
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Table 7. Continued.

0.175*** (0.0682) 0.309*** (0.0976) 0.717** (0.0938) 0.715** (0.0969) 0.724** (0.0958)

0.281*** (0.0795)

Self-care ability

4.694 (7.941) 7.070 (13.50) 1.330 (2.115) 6.818 (13.57) 1.841 (3.066)

9.424 (18.56)

Constant

0.0424

0.0655

0.0506

0.1192

0.1607

0.1107

RZ

Note: *** p<0.01, ** p<0.05, * p<0.1. Odds ratio, robust standard errors in parentheses.

NACMI: New Agricultural Cooperative Medical Insurance; UEBMI: Urban Employees Basic Medical Insurance; URRBMI: Urban and Rural Residents Basic Medical Insurance.

care ability emerged as significant variable for all three
services.

Regarding community supply outcomes, the analysis
indicated that income situation significantly positive
effects the supply of II services. Furthermore, income
sources variable showed significantly association with the
supply of II and IM services. Pre-retirement employment
of public institutions showed negative effect on IC services
compared to no job person (OR=0.453, p<0.05). Rental
housing, elder housing, and other housing types were asso-
ciated with a reduced supply response for IC services (OR =
0.306, p<0.05). Notably, both community promotion and
self-care ability variables exhibited significant effects on
all three types of services.

Discussion

The present study offers a comprehensive examination of
the demand, utilization, and supply of smart senior services
among older adults, building on the understanding that inte-
grating smart medical care into home-based systems repre-
sents an effective approach to addressing home healthcare
issues.” On the demand side, the types of potential
demand and actual utilization were delineated, and the facil-
itators of positive subgroups were explored using the
Andersen’s behavioral model. Simultaneously, we ana-
lyzed the imbalance between supply and demand for
smart senior care services and identified factors influencing
both demand and supply. This study provides a depth ana-
lysis of the three existing service types of smart senior care
through a systematic investigation of supply, demand and
utilization. It depicts the current status of diverse elderly
population regarding smart senior services, thereby contrib-
uting to the optimization of smart senior care services.
According to the LCA, 79.88% of the respondents
belonged to the “positive demand” type, exhibiting a
robust need for all three smart ageing services in their
daily lives. This trend may be attributed to the increased
publicity and promotion of smart ageing in recent years,
coupled with the growing interest and acceptance of smart
technology among older adults as the Internet access
becomes more widespread. However, in terms of actual
utilization, 89.47% of participants fell into the “negative
action” type, suggesting that most older adults underutilize
these services. As a technologically marginalized group,
older adults often struggle with using smart products.*®*°
This underutilization could be due to various barriers,
including the high cost and difficulty accessing community
smart senior care services, unfamiliarity with new technolo-
gies, lack of awareness about available services, or other
personal reasons that hinder practical adoption.*® Notably,
IC services exhibited the highest probability of utilization
among older adults, aligning with their preference for
smart senior care in healthcare settings.” Our results
revealed that the “positive need—negative action” type
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accounted for 69.35% of the participants, indicating a need
for increased efforts to popularize and educate this group.
Therefore, opportunities for community sharing of informa-
tion about smart home technology can be used to improve
awareness and discussion among older adults.*' This
would enhance their understanding of smart ageing services
and lower the threshold for utilizing community-based
smart ageing services.

We examined the factors influencing positive demand,
action, and supply of smart ageing services among older
adults using the Andersen’s behavioral model. First,
among predisposing factors, only the number of children
positively impacted demand, encompassing both positive
demand type and actual utilization. This aligns with previ-
ous studies that suggest the use of senior products by
older adult is an intergenerational interactive process.*’
Children’s use of internet technology may stimulate older
adults’ demand for such services. However, our findings
also reveal that the effect of children on actual utilization
was negative but nonsignificant. This concurs with
Dermody et al.,41 who concluded that older adults with
less family support were more likely to receive advanced
smart care. Simultaneously, our results imply that children
may not provide sufficient guidance to promote utilization
behavior among older adults.** Therefore, policies promot-
ing smart ageing should prioritize the role of family support
and encourage family members to educate older adults on
understanding and using smart technology for ageing ser-
vices. Furthermore, special attention should be paid to
older individuals living alone.**

Second, regarding enabling factors, older adults with
higher education levels tend to be more likely to take
action and utilize smart ageing services. This is primarily
because individuals with more education often have super-
ior access to and comprehension of information, are more
acquainted with modern technology and digital tools, and
are more likely to grasp the concepts and practices asso-
ciated with smart ageing services. Consequently, they are
more inclined to take action and utilize these services.
Simultaneously, older adults with higher education levels
are likely to possess better health literacy and be more con-
cerned about their health and quality of life, thereby motiv-
ating them to adopt positive measures and to use
community-based smart ageing services for health monitor-
ing and improvement. Therefore, augmenting digital liter-
acy and digital health literacy among older adults could
lead to increased utilization of smart ageing services.** It
is thus recommended that communities enhance the
digital literacy of the elderly by organizing volunteers or
professionals to provide them with training on the funda-
mental operation of digital devices, including smartphones
and health monitoring devices at community activity center.
Combining both income level and sources of income
revealed that higher affordability positively influences the
demand, utilization, and supply of smart senior services.

The findings were consistent with research pointing to
affordability as a key factor influencing older people’s
intention to use digital technology.'* This is likely due to
a financial capacity that facilitates easier access to and will-
ingness to pay for these services, thereby enhancing quality
of life. Among insurance factors, only URRBMI facilitated
IC demand, presumably because employee health insurance
provides better coverage for medical expenses. This finding
aligns with that of Du et al. and Yunhua Wang et al.?'**>
who underscore pension security as a crucial factor
shaping older adults’ preferences for senior care. When
financial expenditures are affordable, older adults prefer
integrated medical-nursing care. Moreover, as some
internet-based medical care is gradually incorporated into
medical insurance in China, its economic accessibility has
improved, potentially enhancing demand and willingness.
Previous research has highlighted cost as the primary deter-
minant of older adults’ service utilization decisions.”'
Hence, for older adults utilizing smart senior care services,
financial subsidies tailored to their financial situation could
enhance financial security, and preferential policies for
smart senior care services, such as free trials and discounted
purchases, could stimulate utilization willingness. With
regard to housing type, the findings revealed that self-built
houses and rural-owned houses exhibited lower positive
demand and lower demand for IC compared to self-
purchased commercial housing. In China, this type of
housing is mainly located in rural areas, while commercial
housing is located in urban areas. This finding may be indi-
cative of the attitudes of the rural population toward smart
ageing in the community. Subsequent research could
further target smart ageing in rural communities.

From a community perspective, older adults residing in
areas with community-provided smart devices are more
likely to belong to the “positive demand” and “taking
action” types. The availability of smart devices in the com-
munity may enhance older adults’ life quality, making it
easier for them to acquire information related to smart
senior care services and augmenting their demand.
Community promotional activities encouraged older adults
to adopt action-oriented behaviors and are also associated
with service supply. Inadequate publicity has been linked
to participants’ lack of utilization or awareness of these ser-
vices.'® Therefore, community- and environmentally
oriented supportive information can be used to expand and
disseminate health knowledge, promoting older adults to
utilize relevant services. In region factor, the eastern region
have more mature smart elderly care models, and the
results have shown more positive utilization behaviors
among the elderly than in the western region. This is consist-
ent with the results of a study in Lanzhou, a region in western
China, which found that Lanzhou seniors had very low
awareness of smart senior services.”'

Third, regarding enabling factors, the results indicated
that chronic disease status tends to propel older adults
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toward the positive demand type. This can be attributed to
the fact that individuals with multiple chronic diseases often
face more intricate health challenges, necessitating compre-
hensive and personalized health care management services.
Consequently, they may have a greater need for community-
based smart ageing services that offer support, such as
medical monitoring and emergency assistance to cope
with complex health conditions.*® However, despite this
demand, utilization may be hampered by the complexity
of the disease, difficulties in using the technology for
older adults, or fears of incorrect usage. The findings per-
taining to self-care ability revealed that it had a negative
effect on demand, behavior, and supply, which aligns with
the observations made by Huang Q.** This may stem from
the fact that older individuals with limited functional cap-
acity are more reliant on external assistance and encounter
difficulties in independent living, thereby driving a higher
demand for senior care services. Moreover, older adults
with diverse physical conditions require tailored smart tech-
nologies.*’ Research pointed out that information technol-
ogy can only be successfully introduced into the lives of
community-dwelling older people if their needs are truly
understood.*® Therefore, it is suggested that the supply of
smart senior care services considers the physical condition
of older adults and tailors the services accordingly.

Limitation of the study

There are several limitations in our study. The first limita-
tion of this study is that the use of a convenience sample
introduces potential selection bias, limiting the generaliz-
ability of findings to broader elderly population or diverse
cultural contexts. This may hinder the applicability of
results in policy formulation, market strategies, and service
design. Secondly, although the selection of variables was
grounded in Andersen’s behavioral model, other factors per-
taining to older adults’ characteristics and technological risks
(e.g. security concerns, privacy risks) may influence the util-
ization of smart senior care services. Additionally, there may
be variables specifically associated with differences in
demand, utilization, and supply. This limitation may com-
promise the model’s explanatory power and restrict a com-
prehensive understanding of smart senior care service
utilization. Third, the reliance on self-reported data in this
study poses risks of recall bias, social desirability bias, and
personal prejudices, potentially obscuring objective realities
and impacting the validity of conclusions. Finally, although
cross-sectional studies can suggest causal associations, they
cannot establish definitive causal relationships. This con-
straint necessitates caution in interpreting causal inferences
and highlights the need for longitudinal or experimental
studies to strengthen causal claims. Future research could
track older adults’ utilization of smart ageing services fol-
lowing the implementation of policies and community advo-
cacy to further investigate the effects of such interventions.

It is also imperative to understand the current situation and
challenges in the supply of smart ageing services from the
perspective of service providers for a more comprehensive
analysis of supply and demand.

Future implications of the study

The present study has significant implications for practical
applications in the field of smart senior care services. Based
on our findings, several future directions for research and
policy interventions can be outlined to further advance
the smart senior care model in China.

Enhanced family engagement and support systems:
Given the pivotal role of family support in encouraging
smart senior care service adoption, the interventions to
strengthen family involvement should be developed in
depth. This could involve designing family-centered educa-
tional programs to raise awareness about the benefits of
smart ageing technologies and how to effectively integrate
them into daily care routines.

Community-led support and promotion initiatives:
Community support and promotion efforts should be
focused on creating age-friendly environments that priori-
tize digital inclusion and enhancing digital health literacy
among seniors. This includes training community leaders
and volunteers, offering workshops and training sessions tai-
lored to seniors’ needs, and leveraging existing community
networks to disseminate information about smart ageing
services.

Personalization and financial solutions: Emphasis should
be placed on the development of personalized smart ageing
services and applications. This includes leveraging data
analytics and artificial intelligence to create customized
recommendations based on individual health conditions,
preferences, and lifestyles. At the same time, the preferen-
tial policies and financial subsidies are recommended to
incentivize service use. The collaboration between govern-
ments, healthcare providers, and technology companies will
be crucial in designing and implementing sustainable
funding models that support the widespread adoption of
smart ageing technologies.

Conclusion

This study explored the development of smart ageing ser-
vices from three perspectives including the demand, utiliza-
tion, and supply of smart senior services among older
adults. The persons with high demand but low utilization
type comprised the largest proportion of older people, sug-
gesting that older adults have a strong demand for smart
ageing services but limited action owing to the challenge
of smart senior care services remains a serious problem.
In addition, the factors influencing smart senior care ser-
vices were explored based on Andersen’s behavioral
model. The results suggested that attention should be paid
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to the role of family support in encouraging the use of smart
senior care services. Preferential policies should be estab-
lished to provide financial subsidies for service use.
Communities need to expand their support and promotion
of smart ageing services, focusing on enhancing digital
health literacy among seniors to facilitate product utiliza-
tion. Furthermore, personalized recommendations and
applications tailored to the physical conditions of older
adults are essential.
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